Indian population is characterized by the presence of various castes and tribal groups. Various genetic polymorphisms have been used to differentiate among these groups. Amongst these, the ABO blood group system has been extensively studied. There is no information on molecular genotyping of ABO blood groups from India. Therefore, the main objective of this study was to characterize the common A, B and O alleles by molecular analysis in some Indian population groups.
1
. The antigenic determinants are oligosaccharides which are located on either glycospingolipids or glycoproteins. These are not direct gene products of the ABO genes. These genes encode enzymes which are collectively known as glycosyltransferases, and these enzymes transfer specific sugar residues to a precursor substance (H antigen) to produce the A and B antigens. A variety of polymorphisms has been reported in the ABO glycosyltransferase gene 1 . For convenience, A group glycosyltransferase sequence is considered as a reference sequence and compared to it B and O groups are identified.
Initially specific restriction endonucleases were used to identify common ABO alleles 2 . Later on by using gene scanning techniques like denaturing gradient gel electrophoresis (DGGE), single strand conformation polymorphism (SSCP) followed by DNA sequencing, several alleles have been identified 3, 4 . Using these techniques, several populations like Caucasians, Orientals, Amerindians, Brazilians, Kuwaitis and Jordanians [5] [6] [7] [8] [9] from different countries have been screened for detection of different ABO alleles.
India is a multi-ethinic country harbouring 4635 ethinic groups and 635 scheduled tribes as per the 2001 census study 10 . Genetic variation between inter-and intra-populations have been studied extensively in the non tribal as well as tribal populations using various blood groups and biochemical markers 11, 12 . The ABO blood group system has been studied on the largest number of Indian populations [13] [14] [15] . In general, higher incidence of B group than A group is characteristic of the people of Indian subcontinent 16, 17 . Knowledge of distribution of ABO blood groups is important because certain diseases and malignancies have been found to be associated with the ABO blood groups 18-20 . Bandyopadhyay et al 21 studied ABO blood groups in couples with spontaneous abortions and compared them with those with normal newborns from the same area and concluded that ABO incompatibility between the couples could be responsible for early spontaneous abortions and heterozygote selection of ABO blood group genotypes.
Some studies have reported the absence of significant association between malaria and ABO blood groups
19
, while others have shown high frequency of malaria among blood group A individuals as compared with those with other blood groups
22
. Carvalho et al 23 have tried to find the association if any, between various ABO alleles mainly 'O' group alleles and falciparum malaria patients from Brazil. They could not detect significant differences in the frequency of individuals with the various alleles between malaria patients and the general population.
There is no report on molecular genotyping of ABO blood groups from India. This preliminary study was carried out to assess allelic variation and the nature of diversity of ABO blood groups at molecular level in some Indian population groups.
Material & Methods
Samples from three population groups were taken for ABO blood group genotyping. Informed consent was obtained from all the individuals included in the study and the protocol was approved by the ethical committee of the National Institute of Immunohaematology (NIIH), Mumbai, India. Blood samples (5 ml The DNA was extracted from whole blood using standard phenol-chloroform technique 25 . Initially, PCR -restriction fragment length polymorphism (RFLP) analysis was performed 2 on samples from the heterogeneous mixed population for molecular ABO genotyping. The restriction enzymes like Mvn I/BstU I (nt 188/189), Kpn I (nt 261), Nar I/BssH II (nt 526) and Alu I (nt 467 & 703) obtained from New England Biolabs, USA, were used to identify O01 (O 1 ),
Three sets of specific primers 26 (Sigma, USA) were used to amplify three fragments covering exons 6 and 7 of the ABO gene. Taq polymerase enzyme and dNTPs were obtained from Fermentos, USA and Roche, Switzerland, respectively. The fragment 1 (F1) was amplified covering the sequence from exon 6 and its immediate flanking region, the fragment 2 (F2) was amplified covering the sequence from 5' end of exon 7 and the fragment 3 (F3) was amplified covering the sequence from 3' end of exon 7 and the 3' untranslated region. The single nucleotide polymorphism (SNPs) at nt 261 and 297 in fragment 1, at nt 467, 526, 646, 657 and 681 in fragment 2 and at nt 1059, 1061 and 1096 in fragment 3 were the known SNPs in ABO gene. The amplified products were pooled in a single tube and single strand conformational polymorphism (SSCP) was run using 9%T/1%C (T-Total concentration of acrylamide gel and C-concentration of cross linker) poly acrylamide gel electrophoresis (PAGE) at 400V for 2 and 1/2 h as described previously 26 . The nine SNPs mentioned above produce a particular pattern of SSCP. Initially the samples whose genotypes were identified by PCR-RFLP analysis were run to develop a catalogue of SSCP patterns corresponding to different genotypes either homozygous or heterozygous. The ABO genotypes of Dhodias and Parsis were determined using this catalogue.
After the SSCP run was complete the bands were visualized by silver staining. The SSCP gel was stained by background free silver staining method 27 . For easy visualization of specific bands sodium thiosulphate was used in staining procedure to make the gel free from yellow or brown background by non-specific deposits of insoluble silver salts 27 .
The samples which showed altered banding pattern in SSCP were characterized by DNA sequencing. The DNA sequencing was carried out in the ABI Prism 310 Genetic Analyzer (Applied Bio-system, C.A. USA). The resultant data were analysed using Macintosh sequence analysis 3.4 software, USA.
The 'A' variant phenotype was identified by SSCP and confirmed by sequence specific PCR (SSP) 28 while the 'O' variant phenotype, the rare allele was identified by DNA sequencing.
Results
The seven common ABO alleles were characterized by a set of three haplotype-specific SSCP patterns by the three amplified fragments ( Figure A) . In the mixed population, all the seven alleles were found with a combination of 19 ABO blood group genotypes, in the Dhodia tribe six alleles were found with a combination of 12 ABO blood group genotypes and in the Parsi population six alleles were found with a combination of 15 ABO blood group genotypes. Four homozygous patterns from the known genotypes and the combination of other patterns were utilized to develop the catalogue for SSCP.
In addition to the common alleles, two rare alleles were detected in the mixed population. These showed altered mobility in SSCP banding pattern, both the individuals carrying these alleles were from Sindhi community. The altered SSCP banding pattern was detected in fragment 279 bp (Fig. B) . On DNA sequencing the following rare polymorphisms were observed which confirmed the allele as O209 i.e. 542 -G→A, 646 -T→A, 681 -G→A and 771 -C→T. In another variant phenotype, the altered SSCP banding pattern was detected in fragment 165 bp ( found to be common in the population groups and the non-deletional O03 (O 2 ) allele was rare in our population groups. Table II 
Discussion
Cloning of ABO genes and elucidation of the molecular basis of its major alleles had helped us to directly determine the ABO genotypes without family study. Three main alleles (A, B & O) were identified by restriction enzyme analysis 2 .
Using the SSCP technique as many as 13 different common and rare alleles were identified by using PCR products from exons 6 and 7 29 . The same approach was further developed by multiplexing three PCRs in a single tube and analyzing the products by SSCP in a single lane 26 . This protocol can identify base changes at nine positions (261, 297, 467, 526, 646, 657, 681, 1059 to 1061, and 1096) and can identify the seven common alleles. In the present study, this same protocol was adopted.
The three population groups including mixed population showed higher percentage of A101 (A 1 ) allele over the A102 (A IV ) and A201 (A 2 ) alleles. The results were similar to the Caucasian, white European and Kuwaiti population 2 . The A102 (A IV ) allele was found to be frequent than the A101 (A 1 ) allele in Chinese population while in Japanese and German population 30 , it was less frequent than A101(A 1 ) allele. In the present study, it was seen with low frequency in the mixed population group only. . Two A206 alleles were earlier found in Caucasian population 1 . Considering the diversity of the Indian population duet to a large number of ethnic group one can expect to get many more alleles when more and more population groups will be screened.
Molecular genotyping of ABO blood groups is a useful tool in forensic science and paternity testing. In a country like India, where a large number of endogamous ethnic groups are there, this technique will help to understand the heterogeneity at ABO locus within and between the groups and to prepare database of these alleles in the Indian population.
Using molecular genotyping techniques by SNP analysis, several inactive O alleles have been identified by Yip 1 , which has helped us to understand the process of inactivation of O alleles. Similarly, study of various ABO alleles has helped us to understand rare and intriguing phenotypes like B(A) or cis AB. The occurrence of hybrid alleles explains abnormal inheritance in some pedigrees.
In conclusion, the present study reports detailed distribution of ABO alleles and genotypes among Parsis, Dhodias and mixed population from Mumbai, India. Using multiplex PCR-SSCP method 21 molecular genotypes formed by six ABO alleles weree identified in these population groups directly without family studies. These findings initiate the formation of a database of ABO alleles in the Indian population. Considering the large number of ethnic groups present in our country considerable heterogeneity is likely to be seen at ABO locus. This can be used as a marker for anthropological studies in India to study the origins and movements of populations.
